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The Chinese alligator, Alligator sinensis, is a critically endangered species. A conservation project of gene resources for an en-
dangered species first involves the preservation of organs, tissues, gametes, genomic DNA libraries and cell lines. The present 
study is the first to establish and cryopreserve cell lines of liver, heart and muscle tissues from the Chinese alligator. The study 
revealed that there was a large discrepancy in cell migration time in primary cultures among liver (11–12 d), heart (13–14 d) and 
muscle (17–18 d) tissue pieces. The differences in time in primary cell culture suggested that it was relatively easy to build vis-
ceral-derived cell lines for reptiles. Biological analysis showed that the population doubling time for thawed cells was approxi-
mately 36 h. Karyotyping revealed that the frequency of Chinese alligator cells showing chromosome number as 2n=32 was 
88.6%–93.4%. Chinese alligator cell lines established here provide a vital resource for research and are likely to be useful for 
protection of this rare and critically endangered species. Furthermore, the establishment of these methods may supply technical 
and theoretical support for preserving genetic resources at the cellular level for other reptile species. 
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The Chinese alligator, Alligator sinensis, is one of the most 
critically endangered species among the 23 species of croc-
odilians found in the world [1]. Due to loss of natural wet-
lands and habitat destruction, populations of the Chinese 
alligator continue to decline and their range is shrinking 
significantly [2]. Chinese alligator populations are now only 
restricted to the southern part of Anhui Province and the 
adjacent sections of Jiangsu and Zhejiang provinces [3,4]. 
Furthermore, the total population of wild Chinese alligators is 
probably <130 and is declining at annual rate of 4%–6% [2].  
To protect this rare and endangered species, the Chinese 
government listed the Chinese alligator as a class I endan-
gered species in 1972 [5]. Since 1979, Chinese alligator 
management focused on captive breeding, and the National 
Chinese Alligator Reserves were established in the Anhui 
and Zhejiang provinces [5]. Based on the status of the wild 
Chinese alligator populations, the captive populations have 
become a source of individuals for reintroduction. The rein-
troduction project of the Chinese alligator would be carried 
out to release captive-bred animals to suitable wild habitats, 
hoping to restore the wild populations of the Chinese alli-
gator [6]. 
As an important part of the Chinese alligator conserva-
tion project, preservation of organs, tissues, sperm, oocytes, 
embryos and genomic DNA libraries are all practical op-
tions. Furthermore, modern cytogenetic methods and in-
duced pluripotent stem cell techniques have made somatic 
cells an attractive resource for conserving rare and endan-
gered species genetic materials. Until now, there have been 
no reports of a Chinese alligator cell line. In the present 
study, we established three cell lines from liver, heart and 
muscle tissues of the Chinese alligator and stored these at 
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–196°C, which will provide a vital resource for the protec-
tion of this rare and critically endangered species. 
1  Materials and methods 
1.1  Sample collection   
All tissue samples were derived from one Chinese alligator 
that died from attacking other Chinese alligators. This Chi-
nese alligator specimen was transferred to the laboratory 
within 1 h of death where the muscle, liver and heart tissue 
samples were collected into sterilized separate tubes. The 
tissues were washed 3–5 times with sterilized D-Hank’s 
medium supplemented with antibiotics (penicillin, 200 
IU/mL; streptomycin, 250 IU/mL). 
1.2  Cell cultures   
For cell culture, the modified procedure of Valleley et al. [7] 
was employed. Briefly, the collected samples were washed 
three times with DMEM medium (Hyclone, USA) plus 20% 
fetal bovine serum (FBS; Hyclone) and antibiotics (penicil-
lin, 200 IU/mL; streptomycin, 250 IU/mL). All washed 
samples were minced into approximately 1 mm3 small 
pieces and transferred into flasks. All flasks were incubated 
at 33°C incubators with 5% CO2, 100% humidity. After 3–4 
h, the samples were immersed into a solution containing 4 
mL DMEM containing 20% FBS, penicillin (200 IU/mL) 
and streptomycin (250 IU/mL). Primary cell culture and 
subculturing were performed according to a modified pro-
tocol of Guan et al. [8]. 
1.3  Cryopreservation and recovery   
Cells in the logarithmic growth phase (80%–90% conflu-
ence) were harvested by rinsing the cell sheet three times in 
D-Hank’s medium and 2 mL of 0.25% trypsin solution was 
then added. Flasks were examined under the microscope 
(Nikon TS100) with 37°C heat controller for 20–30 s. Sub-
sequently, the flasks were shaken gently to detach cells and 
medium was added to terminate trypsinization. Cell suspen-
sions were centrifuged at 200 g for 10 min and the super-
natant removed. The harvested cells were resuspended in 
freezing medium containing 70% DMEM, 10% dimethyl 
sulfoxide (DMSO) (Sigma, USA) and 20% fetal bovine 
serum, and reached a final concentration of 1×107–2×107 
viable cells/mL. The resuspended cells were counted using 
a hemocytometer and dispensed into 0.25 mL sterile straws 
labeled with animal name, gender and date. The sealed 
straws were kept on ice for 20–30 min to allow equilibration 
of the DMSO, and then refrigerated at –80°C overnight fol-
lowed by transferring to liquid nitrogen. 
To recover and reseed cells, frozen straws were taken 
from the liquid nitrogen and quickly thawed in 40°C water 
bath. The thawed cells were transferred to 15 mL tubes and 
centrifuged at 200 g for 5 min. The pellet was resuspended 
gently in medium and cultured at 33°C with 5% CO2. 
1.4  Growth curve   
The cell growth curve was employed according to protocols 
and procedures of Gu et al. [9] and Kong et al. [10]. Twenty- 
four-well plates were seeded with cells at a concentration of 
3×104–4×104 cells/mL. Data on cell growth and density 
were monitored and recorded each day until the plateau 
phase was reached. A cell growth curve was then plotted 
and the population doubling time was calculated from this 
curve. 
1.5  Chromosome analysis  
Cells were harvested at 80%–90% confluence. The G- 
banding and karyotyping of the Chinese alligator were per-
formed according to the protocols of Valleley et al. [7]  
and Lui et al. [11]. G-banding and karyotyping were ana-
lyzed and photographed using a cytogenetic workstation 
(Nikon 90i). For every generation, we calculated the num-
ber of chromosomes based on a minimum of 100 metaphase 
cells. 
2  Results and discussion 
2.1  Cell culture and cryopreservation  
Fibroblast-like or epithelial-like cells could be seen migrat-
ing from the tissue pieces of liver, heart and muscle after 
explanting of 11–12, 13–14 and 17–18 d, respectively (Fig-
ure 1). The time differences observed in cell migration time 
of cultures indicated that it was relatively easy to build vis-
ceral-derived cell lines for reptiles. Furthermore, the muscle 
pieces took 18 d to achieve migration of primary cells, sug-
gesting that a longer period of time is necessary for the cul-
ture of muscle tissue. 
When the duration of culture was increased, cells con-
tinued to proliferate and thus subculturing was required 
when they reached 90% confluence. After subculturing, 
fibroblasts grew rapidly, gradually outgrowing and exclud-
ing other cells, such as epithelial cells [12]. After passaging, 
cell population growth accelerated and cells covered the 
entire culture surface within 6–7 d. Generally, at early 
growth stages of primary culture and passages, epithelial 
and fibroblast cells were present in the flask. According to 
the time difference of cell attachment and different toler-
ance to trypsin, purified fibroblasts could be obtained after 
2–3 passages [13].  
We determined that the average cell viability before and 
after thawing was 96.5% and 85.6%, respectively. This in-
dicated that culture conditions were appropriate and the 
cells had high survival rates after one freeze-thaw cycle. 
Thus, it seems possible to conserve the genome of the  
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Figure 1  Morphology of liver, heart and muscle cell lines of the Chinese alligator. Fibroblast- or epithelial-like cells migrating from the tissue pieces of 
liver ((a), 12 d), heart ((d), 14 d) and muscle ((g), 18 d); cells distributed over the culture surface for liver (b), heart (e) and muscle (h) tissues; cells before 
cryopreservation and passage (liver (c); heart (f); muscle (i)). Cells were subcultured until they reached 90% confluence.  
Chinese alligator by long-term cryopreservation of cell lines 
in liquid nitrogen. 
2.2  Cell growth 
Crocodilians are ancient vertebrate species thought to have 
existed largely unchanged for 200–250 million years [7]. 
This particular species utilizes temperature-dependent sex 
determination, with 100% female hatchlings produced at an 
egg incubation temperature of 30°C and 100% male hatch-
lings at 33°C [14]. The karyotypes of a large numberof alli-
gator embryos incubated at both 30°C (female producing) 
and 33°C (male producing) have been examined, and no 
consistent differences have been found [7]. It was reported 
that Valleley et al. [7] minced the American alligator (Alli-
gator mississippiensis) embryonic tail tips and incubated 
these cultures at 31°C. Cells were harvested between pas-
sages 3–8 for karyotyping. For heart tissue, the optimal 
temperature for the American alligator in terms of tolerance 
and general behavior is 32–35°C, with a critical maximum 
of 38°C [15]. In the present study, cultured cells derived 
from liver, heart and muscle tissue of the Chinese alligator 
at 33°C, where we could obtain primary and subcultured 
cells at appropriate growth speed, suggesting that this tem-
perature was suitable for the culture of Chinese alligator 
fibroblast cells. In our laboratory, we have tried to culture 
these tissues and fibroblast cells at 37°C and found that the 
growth rate is faster than that at 33°C. However, this tem-
perature is unsuitable since the fibroblast-like and epitheli-
al-like cells have apoptotic-like changes (unpublished data).  
The Chinese alligator cell lines grew according to a typi-
cal logarithmic growth curve (Figure 2) and the population 
doubling time of passaged cells was approximately 36 h. 
There was a lag time of approximately 36 h after seeding, 
corresponding to the adaptation and recovery of the cells 
from protease damage, and then the cells proliferated rapid-
ly and entered exponential phase. As the cell density in-
creased, proliferation was retarded by contact inhibition 
where at days 6–7, cells entered the plateau phase gradually 
and began to degenerate. In contrast to mammals and birds, 
the growth speed of fibroblast cells is slower than shown for 
the Bengal tiger [16], chicken [8], and Simmental cattle [12]. 
Meanwhile, compared with the growth rate of subculture 
cells, fibroblast-like and epithelial-like cells needed more 
time growing out from minced tissue pieces, especially for 
primary culture. We observed that the growth rate of liver 
cells was faster than that of heart and muscle cells. During 
the processing of subculturing and passaging, the growth 
 
 
Figure 2  Growth curves of liver, heart and muscle cell lines of the Chi-
nese alligator. 
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Figure 3  Metaphase chromosome (a) and karyotype (b) of the Chinese alligator. 
rate of three different tissue cells showed no significant dif-
ference.  
2.3  Karyotyping  
Karyotyping of cells isolated from the Chinese alligator 
showed that the chromosome number was 2n=32, with no 
identifiable sex chromosomes (Figure 3). Additionally, 
wealso observed that the frequency of Chinese alligator 
cells with chromosome number 2n=32 was 88.6%–93.4%. 
Sex chromosomes are unique in crocodilian species. 
G-bands in the Crocodilian have been reported as consisting 
of large relatively undifferentiated blocks, which may oc-
cupy whole chromosome arms [17]. Heteromorphic sex 
chromosomes were not identified in any of the crocodilian 
species [18,19]. The karyotypes of a large number of alli-
gator embryos incubated at both 30°C (female producing) 
and 33°C (male producing) have been examined, and no 
consistent differences have been found, regardless of sex [7]. 
Comparative mapping studies showed that the X-linked 
gene, Zfc, was located on chromosome 3 of Alligator mis-
sissippiensis [7]. Thus, further chromosome mapping stud-
ies are required to determine the evolution of the X-   
chromosome of crocodilian species. 
In conclusion, the current study indicated that the newly 
established liver, heart and muscle cell lines of the Chinese 
alligator were stable and possessed normal biological char-
acteristics. These characteristics suggest that the Chinese 
alligator cell lines would provide a useful approach for 
conserving this rare and endangered species in China and be 
an effective experimental resource for further genetics and 
genomics studies. 
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